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Abstract
The applicability of multisensor system based on a novel polymer nanocomposite material with parylene matrix including metal
and/or semiconductive nanoparticles for the detection of low concentrations of ammonia gas, nitrogen dioxide, and hydrogen
chloride is demonstrated. Nanocomposite films were synthesized by vacuum co-condensation method. It was shown that
nanocomposite sensors demonstrate stable, fast, and reversible response at room temperature to target gases in ppm- and sub-ppm
concentration ranges. Testing multisensor system using imitators of the odors of explosives (TNT) and drugs (heroin) showed the
possibility of qualitative analysis of these odors as well.
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1. Introduction
Nowadays, a great attention is paid to the design of the devices, imitating human senses, such as smell, taste and
vision. This approach includes the development of electronic noses (ENOSE), electronic tongues, and computer
vision. Electronic noses are the instruments comprising a set of different chemical gas sensors with partial selectivity
coupled with pattern-recognition system, capable of recognizing simple or complex odours. ENOSEs have found
wide potential applications, for example in food and pharmaceutical industries, biomedicine, environmental
chemistry, and automotive industry [1 – 3]. Currently, the most common types of sensors used in e-noses are metal
* Corresponding author. Tel.: +7-495-332-58-65; fax: +7-495-718-34-04.
E-mail address: yablokov@ispm.ru, yabl1@yandex.ru
 014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of Eurosensors 2014
153 Mikhail Yablokov et al. /  Procedia Engineering  87 ( 2014 )  152 – 155 
oxide semiconductors, conducting polymers, piezoelectric and surface acoustic wave sensors. However, the
sensitivity and selectivity of the devices, based on these sensors are limited, and insufficient to solve a large number
of practical problems. One of possible ways to address this issue is the use of novel polymer nanocompose materials.
Recently, polymer nanocomposites have been pointed out as a very promising route in the development of chemical
gas sensors [4]. The application of new polymer nanocomposite materials provides a tool for the selective detection
of chemical compounds, which cannot be determined using traditional gas sensors and, from another hand, enables a
very significant decrease in detection limit of this analysis. The operation principle of polymer nanocomposite
sensors consists in drastic changes in electric conductivity of the polymer matrix filled with conductive or
semiconductor nanoparticles under external influence. It is important that the concentration of nanoparticles is close
to percolation threshold. In this case, small changes in the properties of the matrix, for example, dielectric constant,
due to the absorption of gas leads to a very strong change of conductivity of nanocomposite material. The most
important gases, which can be detected using this method, are the vapors of explosive compounds, toxic gases, and
low concentration gases typical for human breath.
The  aim  of  this   work  is  the   demonstration  of   the  applicability  of  polymer  nanocomposite  sensors  for  the
detection of low concentrations of some target gases: nitrogen dioxide, ammonia gas, and hydrogen chloride. The
last gas is important product of decomposition of many toxic compounds such as pesticides and PVC isolation. In
the last case, the appearance of HCl is a marker of initial stage of fire or overheating of wire isolation.
2. Experimental method
In this work, we used thin film resistive sensors based on poly(para-xylylene) (parylene) matrix filled with metal
(semiconductor) nanoparticles in the process of vacuum co-condensation.  This process is described in detail in [4,
5]. As a result of this process, thin parylene films with various metal and/or semiconductor nanoparticles were
obtained.  For  the  synthesis  metals:  Sn,  Pd,  Cu,  Pb,  and  Ti,  were  used.  The  description  of  multisensor  system
nanocomposite sensors is given in [6, 7]. The electric resistance response of nanocomposite sensors to the action of
target gases in ppm and sub-ppm range was measured. Experimental setup scheme is presented in Fig.1. The basic
element of this setup is computer (3) controlled gas mixing device “Microgas-1F” (1) containing four gas channels
for individual gases controlled by Bronkhorst mass flow controllers. As a diffusion source of target gases, we use
Teflon tubes filled with an appropriate liquid. At certain temperature controlled by “Microgas-1F” microcontroller,
gas diffusion trough the Teflon wall of the tube is constant. This diffusion flux of target gas is diluted by carrier gas
(air). As a result, the “Microgas-1F” installation supplies concentrations of target gases in a concentration range
from 100 ppb to 100 ppm with controlled humidity to the gas chamber (2).
Fig. 1. Experimental setup. 1- Microgas-1F (gas mixtures generator),  2- multisensor system based on polymer nanocomposite sensors, 3-
computer, 4- high pressure gas input, 5- aerosol filter, 6- gas output.
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3. Results and discussions
Multisensor system response as a function of gas concentration in ppm- and sub-ppm ranges is shown in Fig. 2.
Sensors response is sensitive to the concentration of water vapour in analyte (Fig. 3A). The reproducibility of
multisensor system response is demonstrated in Fig. 3B. Besides simple gases, the multisensor system was tested us
imitators of the odours of explosives (TNT) and drugs (heroin) (Fig. 4).
Fig. 2. Relative normalized response of multisensor system: (V/V0)2/(V/V0)1 to the gas concentration steps. V0 - conductivity of sensors in humid
air with 80% RH.
A B
Fig. 3. (A) Relative response of multisensor system (V/V0) to HCl in the air with different relative humidity (50 and 80 % RH).
(B) Reproducibility of two sensors response to 1.47 ppm HCl in     humid air with 50% RH. Standard deviation of relative conductivity response
(V/V0) is 1% (sensor 1) and 4% (sensor 2). V0 is conductivity of sensors in humid air with 50% RH.
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The sensors present different response towards different gases: HCl, NO2, NH3 in the concentration range 0.25 –
25 ppm. The concentration dependencies for all studied gases have different slopes, as it can be seen in Fig.2. The
sensors response have no correlation with dipole moment of gas molecules, but have inverse correlation with
dielectric permeability of gases under study. The difference between responses is rather significant to use such
sensors as the components of multisensor system, as the selectivity of given sensors set is quite sufficient for the
analysis of smells.  Among the factors, which may decrease the effectiveness of sensors usage in multisensor system
are low reproducibility of response and  humidity influence. The data show that relative response, which is equal to
the ratio of  sensors conductivity in humid air in the presence of a gas with certain concentration, to sensors
conductivity in pure air with the same humidity, is quite stable: the standard deviation is less than 5% (Fig. 3B). At
the same time, the sensors response is affected by air humidity (Fig. 3A). This factor can be corrected by supplying
multisensor system with special humidity sensor and appropriate calibration procedure.
Fig. 4. Conductivity response of the sensor (arbitrary units) to the imitator of TNT odor. Characteristic response time (T1/2) is 2 sec.
Our experiments showed also the possibility to distinguish the odours of TNT and heroin with the help of
multisensor system. The obtained response time of multisensor system to trinitrotoluene was shown to be rather fast
(Fig. 4). Inthese experiments, we used, as a source of TNT vapor sorbent impregnated by real TNT. Such sources,
which are used typically for thaining of dogs used by police for explosive and drog discovery, are available without
special permission.
4. Conclusions
We showed that novel type of sensors based on polymer nanocomposite material possess sensitivity, selectivity
and stability,  for  the  detection  of  NO2,  HCl,  NH3 gases in ppm and sub-ppm concentration ranges. These sensors
work at room temperatures and have short response time. Such polymer nanocomposite sensors are very perspective
for a multisensor system – “Electronic nose”.
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